Over the years preparation of refractory materials in a plasma reactor has been gaining importance due to availability of very high temperature. 
INTRODUCTION
In most of the reactor designs, the electrodes are arranged in such a way that the material to be treated comes directly in contact with the plasma for better energy transfer. As a result, there is a little control over the temperature, evaporation loss, contamination of the material. Also if the material to be treated is a poor heat conductor, then there is a steep temperature gradient between the centre and periphery of the material. In the case of a plasma reactor with graphite electrodes, plasma environment is always reducing in nature due to the presence of carbon. Therefore, the reactions that need high oxygen potential are difficult to carry out.
The paper presents development of a thermal plasma reactor equipped with graphite electrodes, which allows indirect heating of the charge, thereby achieving uniform temperature distribution, and reduces evaporation losses and contamination. In particular, the paper deals with arrangement of graphite electrodes in horizontal configuration in non-transferred arc mode.
Plasma forming gas is being passed through cathode axial hole so as to have electron transfer to anode.
During arcing, argon gas gets ionized and conducts electricity and thereby stabilizes the arc. The stability of arc further depends on hydrodynamic flow of gas within arc region, which in tum depends on electrode diameter, 
Performance of the reactor
The performance of the reactor has been evaluated by preparing high temperature ceramic pigment using mixed rare earth carbonates, which is an intermediate product obtained during separation of different rare earth oxides from the mineral monazite. The raw material has been supplied by M/s Indian Rare Earth
Limited, Mumbai and its chemical composition is given in Table 1 . Figure 2 shows a plot on variation of arc voltage with respect to arc length for cathode having diameter 26 mm, axial hole diameters 4 mm. The rate of flow of argon gas was kept at 2 litres per minute and arc current at 300 A. As the arc length increases, the voltage increases monotonically, as expected. Though a constant current plasma source has been used, increase of arc length causes the arc current to drop slowly, thereby, decreases the arc column diameter, ultimately arc extinguishes when the degree of ionization of the arc column reduces to below critical value. Under these conditions, a maximum of 80 mm arc length could be maintained. It is pertinent to mention here that heat transfer efficiency depends on arc length, shorter the length, higher the efficiency /14/. Figure 3 shows the same plot with two different electrode diameters: 26 mm and 35 mm, keeping other parameters same. It can be seen from the graph that increased size of the electrode decreases the stability 0 f the arc at higher arc length, whereas at lower arc length both the electrodes behave similarly. Graphite electrode is a good thermal conductor. As the diameter of electrode increased, heat generated at the tip of the electrode is conducted away quickly due to larger surface area available, thereby rendering the tip cooler. This causes the arc to extinguish. Hence for a given arc current, there is an upper limit of electrode diameter that can be used. Rest of the experiments has been carried out by using smaller it has been noticed that at higher gas flow rate, instability of the arc (variation of arc voltage) is comparatively higher than the lower gas flow rate.
RESULTS AND DISCUSSION

Arc plasma characterization
Though it has been possible to have a stable arc without argon (stability may be due to presence of CO formation from graphite electrode), it is not desirable to conduct experiments without argon because it will erode the electrodes much faster. At the moderate gas flow rate, it has been also possible to achieve higher arc length.
Accordingly, it has been decided to work with 2 1pm gas flow rate. Fig. 10) . Further increase of temperature led to the formation of cerium oxide based fluorite structure. This is confirmed by the XRD plots (Fig. 11) .
Preparation of mixed rare earth based pigments
This type of pigments is formed by a solid solution of lathanides in cerium oxide fluorite structure, i.e. Ce,. 
Figure 12a
shows the pigment prepared in the plasma reactor with duration of 5 minute in an oxidizing atmosphere and the same pigment prepared by the calcination route keeping the initial composition same. Colour could not be developed in the presence of inert or reducing atmosphere in the plasma reactor, the reason being Pr should enter the lattice at higher oxidation state. Figure 12b shows the reflectance spectra of the pigments prepared in the plasma reactor and its comparison with the pigment prepared by calcination route. Table 2 
CONCLUSIONS
A thermal plasma reactor for heating the charge uniformly has been developed. Optimized reactor parameters to achieve stable plasma are electrode diameter: 26 mm, bore diameter: 4 mm, arc current 350 A, gas flow rate: 2 1pm. Introduction of conducting graphite crucible in the plasma zone has not disrupted the plasma. It has been possible to prepare mixed rare earth based pigment in a very short duration (5 minute) compared to the calcination process, which requires 2 h soaking time. Use of graphite crucible ensures uniform heating of the charge. The pigment prepared in a plasma reactor has been characterized and compared with the one prepared by conventional calcination method using same raw material. The quality of pigment prepared in a plasma reactor is comparable with the one prepared by conventional methods.
